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(57) Abstract: An A1N polycrystal (3) is 
deposited on a surfece of an Si0 2 film (2) by 
a sputtering method, so that a mask is formed 
thereon. Then, an Si-doped n-GaN layer (5) 
is formed on the mask. Following that, an 
LD layer structure is formed by sequentially 
growing an n-type cladding layer (6) composed 
of an Si-doped n-type Al 0 .,Gao. 9 N (silicon 
concentration: 4 x io 17 cnr 3 , thickness: 1.2 pm), 
an n-type light-trapping layer (7) composed of 
an Si-doped n-type GaN, a multiple quantum 
well layer (8) composed of an mo. 2 Gao. 8 N well 
layer and an Si-doped Ino.05Gao.95N barrier layer, 
a cap layer (9) composed of an Mg-doped p-type 
Alo2Gao. 8 N, a p-type light-trapping layer (10) 
composed of an Mg-doped p-type GaN, a p-type 
cladding layer (1 1) composed of an Mg-doped 
p-type Alo.1Gao.9N, and a p-type contact layer 
(12) composed of an Mg-doped p-type GaN. 
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(57) s i o 2 m ( 2 ) (ommiz 

^n-GaNl5$»fiEt§ 0 
Si K Zf n|A l 01 Ga 09 N (->U=3> 
lS4xl0 17 cm- 3 , JS*1. 2//m) 
nM? "7 V KB (6) % Si 
K-^nlGaN^bJSS nUSfcEBCii 
to® (7) , I n 0 . 2 Ga 0 ,N#Fii:S i 
P — ^ 1 no.05Gao.95N t\ U 7f^ & 
# ££fi*^#FJf (8) % Mg K-^p 

Mgh-^plGaN^b^SpMCMI (10) % Mg 
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m m m 

[oooi] ^mm^mtm^m»mm^wti^m^tcmm^m^m^m-t^ 0 
[0002] mm^m^m^tcm^(DimK^xn^m^m^(DMmm^(Di&m^ 

[ooo3] mxmzm^mxiz. *-*\ (oooim^r^rmmni^i. 2»mm<DG 

aNmmi2Z^&Mj&Ltcmm$:mm-fZ 0 ^GaNffi|ll23g®^SiO H£200 

2 

Ml££tlT\, Xb?4 -fjjfafe <1 1-20> T'feS (07 (a) ) 0 
[0004] rftMmm 1 3(^S-t-§GaNMl 15mimmWT~&Z>tfVV A (Ga) ^bTtClS ( 
HC1) <D5ifo&J&mX'h&mklfV<?M.(GaCl) kVMfWMlZT^-T (NH 

ft?M^1000°C^#^t-5 o /^M^^LTtf^ HCl}«£20cc/^5# 
m^^-fSrtT, ^*^113^GaNlill5(D{l-101}®d^^ r ir 5 /h 
«5tSr^S$-tirS (07 (b) ) . ^^MK^^htfeS^n^ylrlU^^ 
«ff^l40/zmK:aSrfS*T?^«Srfi l 5(ig7(c), (d) % (e)Uo#ftWhtf, 
^W^^n^GaNM^ftUT^^^^^X^Mtc^^^L^^^N^ 
«W*n5. *S©(Bte**f>^C*BK:ffi«S^T*59, GaN*JllBtll2fc*5V^10 
9 fi/cm^**oyt(Eflr*ftfJi x 10 7 -2X 10 7 fii/cm 2 aS*-C{S^-e#TV> 

•So 

tefFlfclttl : #Hfl¥l 1-251253^# 



WO 2005/022620^ PCT/JP2004/012467 



[0005] 



tt&WFXm :Sugahara x M. Hao, T. Wang, D. Nakagawa, Y. Naoi, K.Nishino, and 
S. Sakai, Jpn. J. Appl. Phys. vol. 37, no.lOB, pp. L1195-L1198, October 1998. 

X 10 7 fli/cm 2 CDfefi«a^UTV^ 0 1 X 10 7 -2X 10 7 fi/cm 2 CD«g^it«, 
Xh?4^m2nm y &M^&500 txmCO^mfoU- i^Sr%it-fS^, lfi©LD3ff^ 

[0006] ^^^,^0>(SM$^^^p^«©III^^b^¥^^a^^^Sm§ 
[0007] III^M^%¥^Motef4^{£M-r5^i6{^ 07-e^-r^nirx-e#^fc{g 
& (MOVPE) Ws^fcfejx*. H8l±r5bfc*ttKJ:!?»fen»iNI 

[0008] f4C*K:, H7TOfcUfcS*116*ffiVvC, <ll-20>^ftKSiO ^HM^* 

^L^^nSt, MOVPE^«{d^VNT, SiK-^°GaN^^Pg|3^117a^^ 

[0009] ZoVXGaNm&^mtU tt-GaN»118*S»rt*n«. n-GaN»Ul 
8±tSiK-/nSAl Ga o N(^nyi S4 X10 17 cm- 3 , 2,m)^ft5n 
M^K«119, SiK-^n^GaN(^rr^^ 4 X 10 17 cm- 3 , ff£0. 1 „m)W 
*5nS!3tB!Ciife«120«:^"t-So $<b«0±f^ In Ga N(ff$4nm)#F 
JliSiK-^In Q Ga o9 N (^3^*5 X 10 18 cm- 3 ff *6n^)^yTJli^feft* 
M*^F(MQW)*121(#F«3», MgK-^pfflAl o Ga N 
-^7°Jil22, MgK-^p^GaN(MgliS2X10 17 cm- 3 N ffSO. l" m)*»Wc5p 
Mft^Ci£#>J1123, MgK-Zp^ Ga o N (MgiS2 X 10 17 cm" 3 , J?^0. 5 M 



WO 2005/022620 



3 



m)a>fcfcap£!*9s,K0124, MgK-^p^GaN(Mg^2X 10 17 cm~\ J¥£o. 1 
[0010] f^«U^D«*agO(BKiiiO^»*W^5fc8i>tc % »fffi*y-K/^y-fe^ (C 

[0011] miOtt, spsCLtfeT-&!9, 08O^vy/K^±^^^a^^TTInGaN^3fe 
nGaNd^JfcSInGaNS 1 21 ® ft HHEteaSflefc-t-s - t^Mm^O/ >5 0 

[0012] WT^Mom »£JJSHfcoivcift9§-*-5 0 w^f«HEte#fti-5*<o 
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[0013] Z.<D&tZ.m<D-r^/WK, teffiiS7k¥Srtfce#U J5tt*-C**IhGaNJI 
[0014] f-fcfr*,, 

[0015] ±lam^o®^a*{^i a L^BJ^^fi^v^^^s^^^^^v^^ % 

[0016] *<Z>«fc5fc*Mfc©t>^ iB^^±fclll^^b^^^#:^^« 

[0017] *»wtj:tbtf, mmm<tm*mfrm&bs mmmmtm^m^mm<D±m^ 
[ooi8] i£tz*mw icxtn^ immm^mw&mt, m\mmm*mvfmi<D±M 
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[0019] *xmtzztit£ s ™**m£mmjt*Mmw¥mtz*x>. ^^±t?»* 

[0021] aWWteSartaiiERstftttii^frftKH;, *©*ffif*5E©*5ffi*£*i x io 7 {® 

[0022] ^RSL^I^ijiicj^^ IffiO^ftfcji^flf ©niliift* 
[0023] .LjfcUfc g «k *JJ:t«:©ffi© g », W«*JJ:rW^tt, £lTte***S#»fc|| 

[0024] [EIlM»!l^#S^^^^ ffi g| T . fe<5o 
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im8M$mmtiL*m\,\ ^±-x^mnm^mwm^^^xmhM 

Ell9]El8{c:^bfc«5t^ov>rif®^y— K^^^ir^ (CL) ^^Lfc^m 

[0025] *&mz.&i,^x, g>&M>ttmkvxtem*(DMm&mm-rz>z.ktfx%z> 0 ttt*. 

s AlGaN, A1N, InAlGaN#(DW^^fflV^5ri^S■T;^§ o -©ip^^t 
[0026] #M^#Mo^$^c^^o^®fi^|^^^^t*5ti:-r5Ci:^^ L 

*&wt±. ^ttfc<vu&&mnxio 7 m&Txh&mmmkm¥mtfcmm% 
^^ia^^^±^steftsr3amw^<s«-t-5t©Tfcs 0 Isfahan x i 0 7 j@ 

[0028] (Hffiftf) 
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&$1tT&t>tlft&fc&m^fZo ZO^Wt, ^g2//m, TXfmZl. 7fxm 
[0029] HJS^Il 

cvDfe^i?)±i«-t-5 0 AlN^dl3Sr^s'^y>'^mJ:t)Jiaf$-a:, <l 

[0030] AlN#^^3^Jf^-T6^fe^, gTC5MI^5, 

[0031] (i) SiO a «2S^^« % ?^5V>\ ^/-^t?j@W^ft^ff «S7K-Ct5fe^«, /< 

[0032] Gi)*©«, X^y*Sff te^ALT, 2J«ia«*50 , C«±j!l«*, % AlN^s^fcJ; 

[0033] &vvr% h^xy^a^y^^icij,, m nmnmmttm#n 

[0034] o^T, ±fB^**^jjfcUfc!>«^«:JBV\ MOVPE^«^«tt), SiK-^Ga 

ri^^T^fcflfcUtasfc, - J3 6 0Ot:T*5#*-^RL7^ GaN©/fcg?&&T? 
fc£1080 , Clir?#MfiU 30##«L^f^SSrig^-t-5 o 
[0035] •v^M P«»»blft«**fcGaN*tt, ^|r]/&*U ▼***4M/C* 

S?-t"5GaN®i:^#:(^T^©SP^S:^|fB^V^)-t-So 

^LTGaNflasspfflfcU n-GaN«5#J&*$jh,, A]N#Wfcft3©?gjsfc$;h,fc^ 
X*£ffi;i5¥*#£«tf5^$;h,3 0 AlN#3Bfft3©^$tLfett3f«3a©n-Ga 
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[0036] *»JT1^ th#o<5#iN»#Jio fi fcft« r tjv\ SKF*^-*-*. 

SiK-^nMAl Q Ga Q M^^«4X 10 1 W 3 , 2 ,* m)*fefc*n3!*? 

yK«6, SiK-^nfflGaN (^ya>«4 X 10 17 cnf \ ff $0. 1 „ m) ^feftfinffl 
^SCiiftl7,In Ga N(J?$4nm)#FgiSiK-/In Ga N(^J=»^M 

_ UZ °- 8 0.05 0.95 VPl/JZ. 

5 X 10 1 cm" 3 J¥$6nm) 'VJTmfrttZ&MttKT* (MQW) «8 (#F|fr3fli) , 
MgK-^pMAl o Ga o N frht£Z>*^y7M9, MgK-^p^GaN (MgMS2 X 1 
0 17 cm -3 , i¥$0. l/zm)d^J5:SpSl5tWCa«>JilO, MgK-^pMAl Ga N(M 
gMS2XlO cm ,J¥£0. 5ium)d>e>/jJ6pS!^9yKJill, MgK^pMGaN ( 
MgiS2X10 17 cm- 3 , J?£o. l^m)^^5pM^^^hSl2^Jlfi^ft$-&T 

P^^WUHflictt, Ni/Pt/Aua»fcfc5pWSi4«\ naa&MtettTi/Al 
[0037] -^^9^Si0 2 ^^(D±^^^AlN%Jt^^^^^il^«^ofc 

[0038] MMM2 

[0039] m***^— ? fiKTCA^fcLTfNR-f-srias-e**,, *-*\ M^ffitt^© 

<Ete*ftiS5X lO B 0/cm 2 ©GaNa»16±tCSiO a JRl7SrJefla., <ll-20>^ 

[0040] jftfcufc-w*:, :/*/v, ^^^tt*««feM*fTV \ ttTk-cft^rs, * 

c 
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[0041] -kmtD^izLX^XfZMl&Lti^s^ MOVPE«*te:fcvvt\ SiK-^nffl 
A U Ga o, 5 NSl8 ^ Mo ^^^Mt5 0 ZVm, SiO a ^±fcttAlGaN#*S 

T^SrjjKUease, % AlGaN©/&M&T?fcSl080t^#mu ^i^jffiLfc 

[0042] &mm.mt:1050 o Clzm7S-U *#flj***frV\ ^AlGaNjP££>*fc^ ¥ 
aftfcfTV ^n-Al o o Ga o g N2>^<5n^K (*>y=i>*£4 X lo'W 3 , W-iS2 » 
m)»20«:^-f5 o 

[0043] SiK-^nMGaN(i/y=^«4X lO^cm" 3 , JfE£o. 1 „ m)^^5nl 

*»C3iae>»21,Ih Ga N(K4mn)#FJIiSiK-^ Ga N fe^a^ 

»rfr 18 -3 ' _ °- 05 °" 95 

Mm X 10 cm J?£6nm) ^yTJi^ib&S^M^F ( M QW) ®22 (#Fifc 
3», MgK-r P MAl o Ga o N *fe*W5^y:/»23, MgK-^pSGaN (Mgl 
^2X10 17 cm- 3 s J?$0. l//m)*^SpM^MCiifejl24 > MgK-7 B pMAl G 
a Q N(MgiiS2X10 17 cm- 3 , J¥£ 0 . 5/xm)*^*«pa!^KJi25, MgK-^p 
^GaN (Mgftft2 X 10 17 cnT 3 , ff So. 1 /z m) J&^Spfflal^ 26Sr«ftfifc 

"f S. P=^*Wf {jUJKf^ Ni/Pt/Au*»fe*5p«B28Sr, n£«fflfcf* 

[0044] -®J:5teSiO a ^^©±fc^^GaN«r^«l*fci(«^* , *<0*fc*fc 

[0045] mMM3 
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GaNK«30SrffiV^, SiOJR3l£J£«$i2: N <ll-20>2r ftKWv^W^lVV 
ZmtiZUtV^*, MOVPE§gflfc*5V^, SiK— >^nMAl Ga NJi33SrMp 

0.05 0.95 

[0046] *r©&, £«MSSrl050 < C^^L, ^lRUfcJUrfrV\ P<Z>AlGaNJB£-£ft; 

¥ta-fb«r^V^n-AlGaNS34Sr^^LTV>5 0 ^CD^ N SiK-^nMln Ga 
N(^ynyiS4X10 17 cm" 3 , J|l£0. i ^ m ) ^^Jg 35> SiF-^nMAl Ga 

0. 07 0.93 

N(iyyn^^4xi0 17 cm" 3 , m&O. 8*nn)d^5nSi^yKS36, SiK-^n 
MGaN(v-y=ivmit4X 10 17 cm~\ jp^O. 1 Mm)a>kfc3nSftHDj&«>Jl37, In 
o.2 Ga o. 8 N (*^ 4nm ) #F*iSiK-^In o o Ga g N (^=^1*5 X lO'W 3 ^ 
6nm) ^VTmfatbftZ&mm^Xr-F (MQW) S38 (#Fifr3i@) , MgK-^p^Al 
o.2 Ga o. 8 N ^fcS* ^-y^M 39, MgK-^pMGaN (Mg^^2 X lO^cm -3 , J?$0 
. l/zm)tf»bfc5pS}tEfl£5&a£>Jl40, MgK^TpMAl Ga N (Mg2tS2 X 10 17 

0.1 0.9 

cm -3 , m$0. 5/zm)*^/«c5pSi^S'KS41, MgK— ^p§yGaN(Mg^S2X 10 1 
7 cm~\ mtSO. 1 »m)fahteZpm^>'*?bm42&mikf$ l -g:£ltT. LDjg#jfSr^ 

[0047] »1tO|g3tS^T<ll-2O>^|^^U^Mb7-j'7 B ^^Sr?|0j5feL, K9 

tt\ Ni/Pt/Aui^/j:5pSffi44Sr, nS*R{B0^ttTi/AW^ifeSnmffi45^J^ 

[0048] r©«t5fcSiO a ^^*t©±fc#3feftAlGaN*^ftl^K:*ia$^:, ^tf^toiiR 
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[0049] mmm4 

[0050] AlN##§S48Sr^^f Sfcfcfe?), S*T<E>#yg£fT5 0 

[0051] (i) SiO a J»2Sr^^«, ^/-/^t?aW^?5fc^=fTV>, 

[0052] GO*©*, ^^itl^AU, «KM*«r50«C«±»i:«fe, AlNJ^s^fcJ: 

[0053] 0<5V^Th^*s^^aW«yh*y^^fefcJ;!J, M P«fS49T?X«*ffijJS 
»ffl-T5J;5tCAlN#feft48&U«SiO a at47Sr3iy^>^5o -tlE^^TML 

£5LTGaN»j3S¥fflfcU n-GaN»50dS^*tt, AlN^3fe*48©^$tt 

fc^^^{i^5¥^S«^^$^ o AlN^^48^^^tLfc0m^S» 
n-GaNM50^«^^^^A$tL-5 0 

SiK-^n^Al o Ga o /(^a^Xlo'W 3 , ffSl. 2/1 m)^ 
Sn3l*9yH«51, SiK-^nS»GaN(^ya^a|ft4X 10 17 cnT\ J¥£0. l„m)a> 
S>**ng3te|SBCj&**52, In Ga N(i¥$4nm)#Fgi:SiK-7 P In Ga N 

°- 2 °- 8 0.05 0.95 

(^^«5X10 I8 cm 3 ff$6nm)/^yrjl^^^§#m*^-#F(MQW) jg53 
(#Ft3fi),MgK-y P SAl o Ga N d>^5^^ji54 % MgK-^p^Ga 
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N(MgiS2X10 17 cm-\ JULtSO. 1 » m)^&3pM^C&a?>jl55, MgK-^p 

MA1 o, Ga o.9 N(MgM2X1 ° 17cm "^ »*0. 5^m)*^SpS!^KS56, Mg 
K-^pMGaN (Mg»g2 X 10 17 cnT\ ff£0. 1 p. m) ^&5pM=':^Wl57£ 
JlK&J&ft$-tfT, LD»«3SS^^« 0 3i*©»3tafl!f-C<ll-20>^^ 
i^^Mb^v^^^gL, K^-te^^fe^^^*?^ y^58 
pftfCSiOjm*gt91, Ni/Pt/Au*^5p«ffi59Sr, n 

[0054] ^^<t5^Si0 2 -v^#(Z)±^^^AlN^*im$^^o^(^^S^o/c 
[0055] HJfeMS 

^toO^m, MP*Stt260tfm"Cfc5o V^yh^y^fm^*) 

[0056] Mj$i,tc^x?^ 7?;^ ^fs-fr-vm&ikmfr&ft^ mt-m&-rz e * 

o 

[0057] ±M^*?%J&&Vtz&^* y MOVPE^fi^i3V>r, SiK-^nMAl Ga 

0. 06 0.94 

N (i/y=>-|i^4X10 17 cni- 3 ,/i:$2. 5,tm)a»fefca^s'K«65«rMn*P3.fc 
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tMSrH^ £*LfcM, ▼^JiK^GaN^I&A^maJiiflfSjixS. AlGa 

[0058] SiK-^nMGaN^y^^^XlO^cm- 3 , J?$0. l,m)^^nS 

*Wi:aft»66, In 2 Ga o N(j¥$4nm)#F^^SiK-yin o Ga og N (vy=i^ 
** 5 X 10 18 cm" 3 /?:$6nm) 7m&bt&>&nA?f-&T* (MQW) jp67 (#Ff 
3fi) , MgK-^pSUU Ga N MgK-^pSlGaN (Mgi® 

^2 X 10 17 cm~\ mtSO. 1 ^ m)^^5p^3fe^C^i?)®69 > MgK-^p^Al G 
a o N (M g mm2 X 10 17 cnT\ J?E£0. 5 M m) *^SpS^9yK*70, MgK-^p 
MGaN(Mg^2X10 17 cm" 3 , J?£0. 1 Mm)^^SpM=«^^h®71^I(|M^ 
ft^iirT, LDji«5tSr^^i-5 0 aifl!tO»3feS«Ftf<ll-20>*|^jcU^ 

-TSo P^^WUffltef*, P#J{-Si0 2 f|«^92^J#^, Ni/Pt/A 

ud>fc*5p««i73Sr, nS«ij^fiTi/Al^^^§ n «^74Sr^-t--5o *r©& % 

[0059] H;&£#ij6 
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, (11-20) & fa fcUi?XhXb : 747'-?X?*Mf&-t?>o ^^ittSO/zm, ^BPitilfi 

[0060] mmi^it^^ zf*;^ ^fs~-ji>'vm^$Lmft&ft\,\ mc&mi'& 0 * 

to®, s<v77-h^ym-Vlsec^y^><y%ft\,\ Stftt7k*CiJfc8M*, 100°C}^ 

o 

[0061] ±nZ(D£y fcVX^X?&tej&VtiV^* y MOVPEgie^&VNT, SiK-^n^ 
A1 o.o5 Ga o. 95 N *"n*^K*«t«. -OH*, Si0 2 ^^±^fiAlGaN#^^ B 77 

[0062] ««««rl050 , Cfctt3feU n-Al^ Ga^ N«79*»jfcLi-*. ^©t 
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